T 



lOOf-8923 



09/26/2001 14:42 FAI 626 577 8800 
33683P/T358 



531 ReC 

/fit 

CHRISTIE PARKER 2 




3 



y4 



e y 



10 



15 



20 



25 



30 



35 



CLAIMS: 

1. a spiral wo\ind membrane filtration element capable of being bac^flushej 

comprising: 

a permeate carrier sheet, 

a membrane filter layeV sheet adhesively bonded to the permeate carrier sheet, ar|d havinj 
a support substrate, and a membrane film over the support substrate; and 

a feed spacer sheet in between layers of membrane filter layer sheets; 

wherein the support substrate has a Frazier air permeability between 0.1 and 1| cfin/ft ; 

wherein the membrane filter layer sheet is adhesively bonded to the permeate ca|rier wit|i 
adhesive capable of retaining the bond during element back-flushing. 

wherein the feed spacer skeet, the membrane filter layer sheets, and the perm cafe carri* r 
sheet are wrapped around a permeate collection tube 



The element of clair^ 1 wherein the feed spacer sheet has a thickness betwjpen 0.02 ' 
and 0,10 

The element of claim \ wherein the feed spacer sheet has a thickness betw ^en 0.' 
and 0.06." 

The element of claim \ wherein fluid is capable of flowing through till; suppo 
substrate and the membrane fiAn does not delaminate from the substrate duringlhe bacl - 
flushing cycle \ n 



6. 



The element of claim 1 w| 
filtration process. 

The clement of claim < 
ultrafiltration process. 



iin the membrane filtration element utilize^ a micr< j- 



Itherein the membrane filtration element u|ilizes m 



The element of claim 1 wll 
nanofiltration process. 



erem 



the membrane filtration element litilizes 



The element of claim 1 wherei 
osmosis process. 



Khei 



membrane filtration element utilize4a rev< 

I 

The element of claim 1 wherein Yhere are multiple layers of the membSane filtfer 
layer sheets, feed spacer sheets, and permfeate carrier sheets wrapped around thejjpermea :e 



collection tube. 
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10. 



11. 



12 



\ 

s 

I 

a 

The element off claim I wherein the membrane filter layer sheet is anhesive y 
bonded to the permeate carrier sheet with adhesive having an overlap shear strength of 
least 300 psi. \/\ \ 



The element o fifcla 
Culver City, California, : 



10 wherein the adhesive is manufactured by E. V. Roberts qf 
wdel number 1752. S 

I 



A method of making a back-flushable spiral wound membrane filtratio^j elemei t 
having a filter layer and a permeate collection tube, the method comprises: 
forming a membrane filter layer sheet with a support substrate having a Hazier a j 
permeability between 0. 1 and 10 cftn/ft 2 ; 

cutting the membrane filter layer sheet to a desired length; 
placing a cut piece of a feed spacer sheet on top of the membrane filter layer jjheet, tfc 5 
width of the feed spacer sheet being approximately half the width of the membrane f|Lter lay< r 
sheet; 1 j 

folding the membrane filter layer sheet over the feed spacer so that the feed spafccr sheit 
is sandwiched between two layers of the membrane filter layer sheet; I 

attaching a center side part of a permeate carrier sheet to the permeate collection lube; 
applying an adhesive seal on the permeate carrier sheet along sides other than qie cenfcp 
side part; 

positioning the membrane filter layer sheet-feed spacer sheet sandwich over the hcrmeatip 
carrier sheet such that the adhesive seal bonds the membrane filter layer sheet to the |>erm< 
carrier sheet; and 



wrapping the permeate carrier sheet, the membrane filter layer sheet, and the fe 
sheet around the permeate collection tube. 



td spacx r 



13. 



14. 



15. 



The method of claim 1 2 further comprising preventing feed solution frorr 
the permeate collection tube. 



en 



tering 



The method of claim 12 wherein the back-flush, pressure-resistant adhesive 
manufactured by E.V. Roberts of Culver City, California, model number 1752$ 



A membrane filtclr layer sheet for a spiral wound membrane filtratior| elemeih 
capable of being back fliisl&d, the filter sheet comprising: 
a support substrate; and Y L J 
a membrane film over tlraiupport substrate; j 
wherein the support sujpstrate has a Frazier air permeability between 0.1 and if) cftn/ft 
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16. The membrane! filter layer sheet of claim 15 wherein the support substrate 

comprises a non-woven fabric. 



17. 



18. 



The membrane filter layer sheet of claim 15 wherein the membrane film is cast on 
top of the support substrkte to form an asymmetric membrane filter layer sheet 

The membrane filter layer sheet of claim 17 wherein the support substrate has a 
thickness between 0.002" and 0.008." 



19. The membrane filter Wer sheet of claim 1 8 wherein the support substrate has ; 

thickness between 0.003" and 0.005". 



20. The membrane filter latar sheet of claim 1 7 wherein the support substrate has a 
Frazier air permeability betwee^ 1.5 and 3.0 cfin/ft 2 . 

21. The membrane filter layei sheet of claim 17 wherein the support substrate has a 
weight between 20 and 100 gm/yfl 2 . 



22. 



23. 



24. 



The membrane filter layer sr|fet of claim 15 wherein the membrane film compo ses 
a polymeric material. 



layes 



The membrane filter 
around the support substrate t< 



: of claim 15 wherein the membrane film is encased 
homogenous membrane filter layer sheet. 



The membrane filter layer sheef of claim 23 wherein the support substrate has 
thickness between 0.001" and 0.005." 



25. 



The membrane filter layer sheet ^f claim 24 wherein the support substrate has a 
thickness between 0.002" and 0.004." 



26. The membrane filter layer sheet ofWaim 23 wherein the support substrate has a 
Frazier air permeability between 0.5 and 1 \ cubic feet per minute per square foot. 

27. The membrane filter layer sheet of claim 23 wherein the support substrate has 
weight between 20 and 100 grams per square ; 



28. 



A method of creating a permeable backVflushable membrane filter layer sheet 
comprising: \ 
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placing a casting solution\of a certain thickness on a passing support substrate with a 
Frazier air permeability between 0.1 and 10 cfin/ft 2 ; 

controlling the thickness o 'the casting solution on the support substrate through use of 
a mechanical device for dispensin j the casting solution; and 

immersing the substrate with the casting solution into a quench bath to allow removal of 
casting solution after an air quen0ji time that allows formation of a thin skin on the support 
substrate. 



29. The method of claim 2^ wherein the mechanical device is one of a doctor blade and 

10 a precision slot coater. 



30. 



420 



32. 
33. 

34. 



The method of claim 28\ wherein the quench bath is water. 



3 1 . The method of claim 28 Anther comprising treating the permeable membrane filter 

layer with one of heat, addition^ rinsing, drying, and additional coating. 



The method of claim 28 wherein the casting solution is polymeric. 

The method of claim 32 wherein the solvent into which the polymer is dissolved 
is one of dimethylformamide, 1,4 tho|tane, acetone, and n-methyl pyrolidone. 

The method of claim 33/vMierein the polymers are one of polyethylene, 



polypropylene, polysulfone, p< 
polysulfonamides, polyvinyliden* 
and other film forming polynu 



fll 



amides, polypheylene esters, polyethersulfone, 
oride, cellulose acetate, cellulose, polyacrylonitrile, 



30 



35. 



The method of claim 28 wherdin the casting solution is heated. 



36. The method of claim 35 wherfein the casting solution is applied at an elevated 

temperature in the range of 0°C to 7o\c. 



37. The method of claim 36 wherejp the casting solution is applied at an elevated 

temperature in the range of 15 °C to 40 c 

35 3 8 - The method of claim 28 wherein t^e viscosity of the casting solution is between 

100 and 1000 centipoise. 



39. 



The method of claim 38 wherein the Viscosity of the casting solution is between 
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40. The method of claim 28 wherein the membrane filter layer sheet is homogenous. 

5 41. The method of claim 28 wherein the membrane filter layer sheet is asymmetric. 

42. The method of cltytji^S wherein the air quench time has a duration between 5 and 

60 seconds. 

10 43 . The method of claipj 42 wherein the air quench time has a duration between 20 and 

30 seconds. 

44. A spiral wound membrane filtration element capable of being back-flushed 
comprising: 

pQ5 a permeate carrier sheet; 

Q a membrane filter layer sheet adhesively bonded to the permeate carrier sheet with model 

^ number 1752 adhesive manufactured by E.V. Roberts of Culver City, California, the membrane 
* i filter layer sheet having a support substrate, and a membrane film over the support substrate; and 
fU a feed spacer sheet in between layers of membrane filter layer sheets; 

wherein the feed spacer sheet, the membrane filter layer sheets, and the permeate carrier 
q sheet are wrapped around a permeate collection tube, 
y 

45 . A back-flush system for a back-flushable spiral wound membrane filtration element 
U . . 

n comprising: 

r|5 feed solution for the filtration element from a source; 

a feed pump for pumping and pressurizing the feed solution from the source through the 
filtration element; 

a feed pipe through which the pressurized feed solution flows to the element; 

an element pressure tube wherein a first portion of the feed solution permeates the 
30 membrane filtration element as a permeate, and a second portion of the feed solution does not 
permeate and exits the membrane filtration element as a concentrate; 

a feed diverter valve for controlling flow from the feed pipe to the pressure tube; 

a source of compressed gas capable of back-flushing the membrane filtration element; and 

a concentrate diverter valve for controlling the flow rate of concentrate out of the exiting 
35 pressure tube. 

46. A method of cleaning the sMfal wound membrane filtration element comprising: 
applying pressurized feed solutign Jiving solids to an outer surface of a membrane filter 
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layer sheet in the element; \ 

passing a portion of feed Solution through the membrane filter layer sheet as a permeate; 

retaining a portion of the feed solution solids in pores of the membrane filter layer sheet; 

removing the non-retained solids from the element with the remainder of the feed solution; 

allowing the permeate to flaw in a first direction through a permeate collection tube of the 
element; and I 

introducing a pressurized bdck flush fluid with a pressure that exceeds the feed pressure, 
on a periodic basis, into the permfeate collection tube in a second direction opposite the first 
direction to dislodge a substantial Portion of the retained solids on the pores of the membrane 
filter layer sheet. 1 

47. The method of claim 46 further comprising: 
pumping the feed solution from the source using a feed pump; 
pressurizing the feed solution In the pump; 

pumping the pressurized feed solution through the filtration element using the feed pump; 
controlling flow from a feed pijpe to the element using a feed diverter valve; 
controlling the flow rate of concentrate out of the exiting the element using a concentrate 
diverter valve; \ 

controlling the flow rate of concentrate out of the concentrate diverter valve using a 

concentrate valve; \ 

holding permeate for the back-flMh step using a permeate accumulator; and 
controlling the flow of permeate jm of the permeate accumulator and the flow rate of the 

backflush gas while back-flushing usirigja permeate diverter valve. 

48. The method of claim 46 fwHferein the pressure on the back-flush gas is controlled 
by a gas regulator; and the back-flUsh pressure is greater than the feed pressure on the 
element by between 10 and 30 psi. I 

49. The method of claim 46 wherein the pressure from the back flush fluid on the 
element is between 5 and 100 psi. I 

50. The method of claim 49 wherein the pressure from the back flush fluid on the 
element is between 20 and 60 psi. \ 

51. The method of claim 46 whereii the back flush fluid comprises at least one of 
compressed gas, air, nitrogen, permeateAand cleaning solution. 



52. 



The method of claim 46 wherein thdback flush fluid comprises permeate followed 
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by compressed^ 



53. A back-flushNsysjtem for a spiral wound membrane element comprising: 

a feed tank having feed solution; 

a permeate collection tube placed in the feed tank, wherein the permeate collection tube 
includes a spiral wound membrane element having a permeate carrier sheet, a feed spacer sheet, 



and a membrane filter layer shee 
on the supporting substrate; 

a bubbler having bubbles 
filter layer sheet for reducing the 



with a supporting substrate and a membrane film superimposed 



acting as turbulence promoters at the surface of the membrane 
boundary layer thickness at the surface of the membrane filter 



layer sheet, and creating a convdptive flow of feed solution from the bottom through the top of 
the element, and returning back vp the bottom; 

a source of pressurized back flush fluid used in forcing permeate from a permeate 
accumulator and back flush fluid back to the element; and 

a vacuum system having a vacuum for creating the driving pressure to force the feed 
solution into the element thereby cheating permeate. 



54. The back-flush systenWdielaim 53 further comprising: 
an air pump for compressingjEp for the bubbler, and 

a permeate diverter valve, wh&fein the permeate diverter valve is capable of controlling 
permeate flow and reversing the peAnqate flow to back-flush any foulants from the surface of the 
membrane filter layer sheet. 

55. The back-flush system oflclaim 54 further comprising a cycle of back flushing; 
wherein the duration of the backshish cycle is 5 to 30 seconds; 

wherein in between back flush cvcles, the permeate diverter valve is activated to return 
the system to extracting permeate from tpe feed solution. 

56. The back-flush system of clkim 53 wherein the back flush fluid comprises at least 
one of compressed gas, air, nitrogeb, permeate, and cleaning solution. 

57. The back-flush system of claiqi 53 wherein the back flush fluid comprises permeate 
followed by compressed air. 

58. The back-flush system of clain^ 53 wherein the vacuum is in the range of 5 to 29 
mmHg. 



59. 



A method of back-flushing the spiral wound membrane element through a back- 
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flush system comprising:r 

placing a spiral wound membrane element into a feed tank; 

promoting turbulence at ; t surface of the membrane filter layer sheet through a bubbler 

e of: 

layer thickness at the surface of the membrane filter layer 



' flow of pressurized feed solution from a bottom through a top 



having bubbles which are capab 
reducing a boun< 

sheet; 

creating a convecti 
of the element; and 

returning the feed sdlution back to the bottom of the element; and 
introducing on a periodic basis a pressurized back flush fluid, with a pressure that exceeds 
the feed pressure, into the element lin a direction from top to bottom of the element to dislodge 
a substantial portion of feed solution solids retained on pores of the membrane filter layer sheet. 



60. The method of claim fc>9 further comprising: 

compressing gas for the bubbler using an air pump; 

creating the driving pressure to force the feed solution into the element thereby creating 
permeate using a vacuum system having a vacuum; 

directing the flow rate of penneaje out of the permeate accumulator and the flow rate of 
gas out of the tank while back-flushing using a permeate diverter valve; 

activating a permeate diverter i M v^Uowing back flush fluid to enter the element to back- 
flush the feed solution solutions fouLc Ms from the surface of the membrane filter layer sheet in 
the element. 



61. 



by a gas regulator; and the b; 



The method of claim 5S> wherein the pressure on the back-flush gas is controlled 



;k-flush pressure is greater than the feed pressure on the 



element by between 10 and 30bsi. 



62. The method of claim 5$ wherein the pressure from the back flush fluid on the 

element is between 5 and 100 p si. 



wherein the pressure from the back flush fluid on the 



63. The method of claim 62 

element is between 20 and 60 p si 



64. The method of claim 59 Wherein the back flush fluid comprises at least one of 

compressed gas, air, nitrogen, permeate, and cleaning solution. 



65. The method of claim 59 wherein the back flush fluid comprises permeate followed 

by compressed air. 
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